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SUMMARY

Wind-tunneltestswereconductedto ascertainthetotal-pressure
recoveryofa circularnoseinletutilizingvariousshapesof inletlips.
Thetestswereconductedat a free-stresmMachriimiberof0.237withinlet
flowsrangingfromlowvaluesto chokingandat angle:ofattackfrom0°
tO 25°.

A shsxpinletliphavinga wedgeangleof7-1/2°wastestedin addi-
tionto twocircular-arcprofilesandtwoellipticalprofilesformed
withinthewedgeofthesharplipby cuttingbacktheleadingedgevari-
ousSmounts.Itwasfoundthatfora givensmountof cutback,thecir-
cumferentialvariationoftotalpressureatthemeasuringstation(the
simulatedentranceto a turbo~et-enginecompressor)wasaboutthessme
witheitheran elliptical-or cticular-arc-profilelip;however,the
averagetotal-pressurerecoverycharacteristicswerebetterwiththe
elliptical-profilelip.

INTRODUCTION

Inreference1,theresultsarepresentedof an investigationof
someoftheeffectsof lipshapeonthelow-speedcharacteristicsof
circularnoseinletsat an angleofattackofOO. Inpractice,thelow
subsonicspeedsandthehighmass-flowratioscoveredinthosetestsare
associatedwiththemoderatetohighanglesof attackoccurringduring
landingortake-off.Thepresentreportcoversan extensionofthe
investigationreportedinreference1 to includethemeasurementofthe
effectsof angleof attackonthetotal-pressurerecoveryattheentrance
tothesimulatedturbo$et-enginecompressorinthewind-tunnelmodel.
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Thebodyofrevolutionandfiveofthe‘inlet-lipprofilesofref- E:_–
erence1 wereutilizedinthepresenttests._Thelipprofilesincluded
thesharplip,twoofthelipswithcircul~.-arcprofiles(providing

.-.

iriLetcontractionratios,thatis,theratiooftheareaencompassedby r.
theleadingedgeoftheinlettotheminimuminletarea,of1.16and1.33),
andthetwolipswtthellipticalprofiles(providingcontractionratioa
of1.08and1.18). Thetestswereconductedin oneoftheAmes7- by 10- - “-
footwindtunnels.”

NCTMTION

Thefollowingsymbolsandsubscriptsareusedinthisreport:

A

H

M

m

%

q

r

v

x

Y

a

P

L

o

area,sqfi

totalpressure,lb/sqft

Machnumber .-

mass-flawrate,@lV,slugs/see

referencemass-flowrate,p&=Vo,slugs/see

dynsmicpressure,lb/sqft

radius,in.

airvelocity,ft/sec

axialdistance,in.

ordinate,measurednormaltobodyskis,in.

angleof attack,deg

massdensityofair,slugs/cuf%

Subscripts

10CSLconditionsatthefaceofthetotal-pressure
36.25(fig. I)

conditionsin-thefreestresm

rake,station

6

*.

-. r-

,.-=-. —
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1 averageconditionsattheexitoftheconstant-areaportionofthe
inlet,station17.00(Al= 0.09k2sqft)

3 averageconditionsatthefaceofthe,total-pressurerake,station
36.25(A3= 0.1389S~ ft)

MODELANDTESTS

Themodelusedinthetestswasa streamlinebodyofrevolutionwith
internalductingandprovisionsformountinginterchangeableinletpor-
tionsatthenose(figs.1, 2,and3). Thebody,whichhada maximum
diameterof12 inchesat station72.00,wasmountedonan 8-inch-diameter
verticalstrutthroughwhichtheinletairflowwasexhausted.Thetotal
lengthofthebodywas129inches.

Theinletportions(fig.2)weremachinedfromaluminmnorbrass
castings,andthelipprofileswereformedwithintheboundariesof a
basicsharp-edgedinlet.Thissharp-edgedinletwasformedwitha conical
outersurface,tangentto thebasicforebodyat station14.118,andwith
a cylindricalinnersurfacewitha radiusof2.078inchesetiendingfrom
thesharpleadingedge,station9.00,to station15.00.Theanglebetween
theinnerandcrutersurfaceswasabout7-1/2°.

In additionto thesharp-edgedinlet,twowithcircular-arcprofiles
andtwowithellipticalinternalandapproximatelyellipticalexternal
profilesweretested.(Thetwotypesofprofileswillbereferredtoas
circulartypeandellipticaltypeintherest of’ thereport.)Theprofiles
areidentifiedby numbersand letters as shownin figure2. Thenumberis
approximatelyequalto thedecimalportionoftheinletcontractionratio
whiletheletterR indicatesa circularprofileandtheletterE, an ellip-
ticalprofile.Thus,lip16Rhada circularprofileandtheareaencom-
passedby theleadingedgewasabout16-percent(actually15.8percent,
astabulatedin fig.2)greaterthantheminimuminletsrea. Theminhum
inletareawasequalto 12percentofthemaximumfrontalareaofthebody.

Thediffusionratiooftheinternalduct(A3/A=)was1.474.The
includedangleoftheunobstructedconicalportionofthediffuser- from
station15.00to stationS2.00- wasabout4°.

Theairflowthroughtheinletandsubsequentductingwasregulated
by an exhaustpumpoutsidethewind-tunneltestchamber.Therateof inlet
airflowwasmeasuredby a calibratedorificemeter,andthelossoftotal
pressurefrm thefreestreamto thesimulatedturbojet-enginecompressor
inlet,station3 (station36.25,fig.1),wasmeasuredby a rakeconsisting
of 24total-pressuresad4 static-pressuretubes.Thetotal-pressureloss
wasmeasuredformass-flowratiosm~ ~ fr~o.6t o chokingforeachlip
foranglesof attackof0°,5°,10°,15 , 20 , and25°. ThetestMach
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numberwas 0.237, correspondingto a dynamicpressureof80poundsper m

squarefootanda Re@old8nuniberof136,000perinch. Notunnel-wall
correctionswereappliedto anyofthedata.

w

RESULTSANDDISCUSSION —

Thevariationsofaveragetotal-pressureratioH=/~ andmass-flow
ratiom~~ withtheMachnumberatthesimulated”compressorentrance-
M= arepresentedinfiguresh(a)through4(f)foreachlipandeachtest
angleofattack..A comparisonofthecharacteristicsfortheinletwith
thevarioustypesoflipsshowsthat,in.general,forallthe lips there

was a decreaseoftotal-pressureratioas eithermass-flowratioorangle
of attackwasincreased(an“exception,whichwillbe discussedbelow,
occurredwithlip33Rat anangleofattackof200).However,theellip-
ticallipsdemonstratedan abilitytomaintainhighertotal-pressme
ratiosovera limitedrangeofmass-flowratiosoranglesofattackthan
didcorrespondingcircularlips. (“Correspondinglips”referto ellipti-
calsmdcircularlipshavingaboutthesameGtitractionratioswhichwere
formedby cuttingbackthebasicsharplipapproximatelyequalamounts.)
Thus,thetotal-pressureratiomeasuredwithliy8Eremainedashighas

●

thatwithlip33Rup to amass-flowratioofabout1.6(MSx 0.27)at
a= 0° andup to amass-flowratioof about1.4(MS~ 0.23)at a = 5°.
Similarly,thetotal-pressureratiomeasured-withlip18Eremainedabout

v

thesameasthatwithlip33Rthroughoutthe’rangeofmass-flowratios :
foranglesof attackof0°snd5°,andup to:qmass-flowratioofabout
1.6(M3s 0.27)at a = 10°and1.4(MS% 0.23)at a = 150. Forboth
oftheellipticallips,thersngeofhightotql-pressuxeratiosterminated
abruptly,probablyasa resultofan abruptseparationoftheinletflow

.-

fromtheinnersurfaceofthelips.

Forlip33Rat an angleof attackof 20a,theinternalflow,which
is-believedto havebeensepsratedfromthelowerportionofthelip at _
thelowestmass-flowratios,appears-tohave.r”eattacbedabove
m~~ = 1.0(M3x 0.16)andhightotal-pressureratiosweremeasuredunt~.1 ~~
separationagainoccurredab”ovem& = 1.9“(M=x 0.31).Thetotal-
pressureratiosfor”.lip33Rathighmass-flowratiosat a = 2Q0,and
overtheentiremass-flowrangeat a =-25°,wereapproximatelythesame
asthoseforlip18E. (Withlip33Ritwaspossibleto atta~na total-: - -”
pressureratiogreaterthamO.99fortheintermediatemas.s-flow.ratios-
near m=/~ = 1.6- foranglesofattackashighas 25°. Thiswasaccom- “:: :
plishedby-settingthemass-flowratioatan:_angle.gf.attack..~elow200,
thenincrea~inga. Theflowconditionsthusestablishedintheinlet
wereunstableat ~“, however,andeitherraisingor loweringthemass-
flowratioa smallamoimtinducedseparationg.ftheimet flowandthe
characteristicsrevertedtothoseshowninfigure4(b).) r

s
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Figure7,whichincludes--erossplotsofthefairedcurvesof figure4,
providesa graphicpictureoftheincreasingsuperiorityofthebluntlips
overthesharplip,andof lips18Eand33Roverlips16Rahd8E,at all
anglesofattackasthemass-flowratiowasincreasedto chokingvalues.
Thetotal-pressureratiosforhighanglesofattackandforhighmass-
flowratiosshouldbe consideredas qualitativedataonlybecauseofthe
inherentinaccuracyoftotal-pressuremeasurementsby meansof tipact
tubesinregionsofunsteadyflow,suchasthosewhichexistathigh
anglesofattackdueto flowseparationfromthelipsandthosewhich
wereshowninreference1 to existathighmass-flowratios.Themaxi-
mum orchoking,mass-flowratiosfromthecurvesof figures4(a)through
4(f\wereutilizedinfigure6 to showthesmallvariationofthechoking
mass-flowratiowithangleofattackforeachofthelips. .“

Theeffectsof increasingthesingleofattackonthetotal-pressure
ratioatthesimulatedturbojet-enginecompressorentrancewereevidenced,
notonlyby thereductionoftheaveragetotal-pressureratiosEJ ,

7btltalsoby an asymmetryofthecontoursoftotal-pressureratio Hz ~.
Thisflowasymmetrymayhavea largeeffectontheperformanceofa
turbojetengine,andtheextenttowhichtheasymmetryisaffectedby lip
profileis illustratedinfigures7 and8 wherefairedcontoursoftotal-
pressureratioarepresented.Examplessreincludedforeachofthelips
foranglesofattackof0°,15°,and~“ (Oo,20°,and~“ forlip33R
for ml/~ X 1.6)fora mass-flowratioofabout1.6(fig.7)andforthe
criticalmass-flowcondition(fig.8).

Inspectionofthefiguresreveal~thatthemaximumcircumferential
variationof localtotal-pressureratiooccurred,inmostcases,ata
radiusofabout2 inches(theradiusofthecenterbodywas1.261inches
andtheradiusto theductwallwas2.822inchesas showninfig.1) for
thehigh-angle-of-attackcasespresented.In general,thepressure
v=iationsmeasuredwithlips16Rand18Ewereof aboutequalmagnitude
forthevariousconditionspresentedbutweresomewhatlargerthanthose
withlip33R. Thegreatestpressurevariationswere,of course,measured
withlips8E ando. It canbe seenfrmnfigures7 and8 thatthesepara-
tionoftheinternalflowfromthelowerportionofthelipsat angles
of attackofl~”and25°resulted,ingeneral,in a regionoflowtotal
pressuresinthelowerportionoftheductanda regionof comparatively
highpressuresintheupperportion.An exceptionto thisgeneraltrend
occurredinthecaseof Iiy33Ratthecriticalmass-flowratio(fig.
8(c));thereasonsforthisexceptionarenotapparent. -.

Contourplotsareincludedinfigures9, 10,and11to illustrate
theflowchangesatthesimulatedengine-ccnupressorentranceforselected
conditions-fortheinletwiththreeofthelips.Thechsmgefroma sym-
metricto anasymmetricflowconditionwithlip18Eis shownin figure9
wherethecontourplotsforan angleQfattackof l~”andmass-flow.ratios
of 1.44 and1.51arepresented.Thedecreaseoftheaveragetotal-pressure
ratio H9/~ accompanyingtheflowchangewasnotedpreviouslyin figure

.._



6 NACATN3394

4(d). Similarly,theflowchangesaccompanyingthetotal-pressureloss *:.
sufferedwithlip33Rbetweenthemass-flowratiosof”1.87and2.08at an
angleofattackofXl”(fig.4(e))areillustratedin figure10.

w
In figureI-1,theflowchangesaccompanyingthechokingoftheinlet

withlipO at a = 0°areshown.Thethreeconditionsincludedcorre-
spondwithhighsubcritical,critical,andsupercriticalinletflow
(MS=.0.37,0,41,and0.46,respectively).Forthesubcriticaland
supercriti.calconditionsthelowesttotalpressuresweremeasuredat
theouterwalloftheductwith Hz/H. increasingsteadilyacrossthe
annularducttothehighestvalues,whichwere.measuredadflacenttothe
centerbody-.Nearthecriticalinlet-flowconditions,however,losses
appear.tohaveoccurredinthecenterof theduct,perhapsasa result
ofthe$hockwavesinthecenteroftheinletdiscussedinreference1,
orasa resultofa temporaryseps&ationoftheflowfrom thecenter
body. Whateverthecause,theeffectwasanannularpeakinthetotal-
pressureratioata radiusof’about1.85inche”8,wit~lowerpressures
attheductwallandadjacenttothecenterbody.

NationalAdvisoryCommitteeforAeronauticsT
AmesAeronauticalLaboratory

MoffettField,Calif.,Mar.21,1955
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FiWe 39-Photo~aphofthemodd inst~ed intheAmes7-by 10-foot*d tunnel.
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for mJ~ : 1.6; contour Interval = O.0~. (The top of the figures corresponds
side of the model.)
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I



a-C? M3=0.48 :

!!! = 2.40
%

%= 0BEJ2HO

(b) LiP l&l

Ftgure 8.- Continued.

,,

I i II
8 .

I

a u25° M3=0.47

ml
Fo=2.35 ~ -0.882

. ●



. ●

I

a -15° M3=0.46

El H+09,5
=2.43ma HO

““””5. ,

a_OO M3-O.50

q H30899
~0= 2,48

Ho”
,

a -25” M3- 0.47

% 243
mO

~ =0.906
Ho

G

II



M3=0.49 i

.,

Ii

:; I “

a = 15” MB-0.47

H3
2= 2’= i&=o”8=

~ .25- M3=0.46

!!ll H3
-2.24

J-% &“ 0“=0

(a)Lip8E

Figure 8.- continued.

w
lx
w
$-

. *



a~Oe Ms=0,48

K!I.251
H309,4

m. Ho

(e) Lip ME

Figure 8.- Concltied.

a -25” M3= 0,46

:.= 2.4 ~= 0.910
HO.

E
P
n
z



.

a = 15° M3= 0.23 : a -15” fbt3=0.25

H3
*= 1.44 ~= 0.995 ~.lm51 ~mo988

m. Ho -

Figure 9.- Contours Of total-pressure ratio at the simulatedengine-cmrpressorentrancefor the
model with lip ME K1.lustrathg change of distributionaccompanyingseparationfrom the lower
lip at an angle of attack of 15°; contouz interval= 0.025. (The imp of the figures corresponds
with the leeward side of the model.)
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